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VARIABLE DISPLACEMENT VANE PUMP 
ADJUSTABLE BY LOW ACTUATION LOADS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to single acting, variable 
displacement ?uid pressure vane pumps, such as for aircraft 
use, incorporating means for balancing cam bearing load, 
minimizing clocking forces, reducing friction and actuation 
loads. 

Over the years, the standard of the commercial aviation 
gas turbine industry for main engine fuel pumps has been a 
single element, pressure-loaded, involute gear stage charged 
With a centrifugal boost stage. Such gear pumps are simple 
and extremely durable, although heavy and inef?cient. 
HoWever, such gear pumps are ?xed displacement pumps 
Which deliver uniform amounts of ?uid, such as fuel, under 
all operating conditions. Certain operating conditions 
require different volumes of liquid, and it is desirable and/or 
necessary to vary the liquid supply, by means such as bypass 
systems Which can cause overheating of the fuel or hydraulic 
?uid and Which require heat transfer cooling components 
that add to the cost and the Weight of the system. 

2. State of the Art 

Vane pumps and system have been developed in order to 
overcome some of the de?ciencies of gear pumps, and 
reference is made to the following US. patents for their 
disclosures of several such pumps and systems: US. Pat. 
Nos. 4,247,263; 4,354,809; 4,529,361 and 4,711,619. Ref 
erence is also made to copending application Ser. No. 
08/114,253, ?led Aug. 30, 1993, the disclosure of Which is 
hereby incorporated herein. 

Vane pumps comprise a rotor element machined With slots 
supporting radially-movable vane elements, mounted Within 
a cam member and manifold having ?uid inlet and outlet 
ports in the cam surface through Which the ?uid is fed to the 
loW pressure inlet areas or buckets of the rotor surface for 
rotation, compression and discharge from the high pressure 
outlet areas or buckets of the rotor surface as pressuriZed 
?uid. 

Vane pumps that are required to operate at high speeds 
and pressures preferably employ hydrostatically (pressure 
balanced) vanes for minimiZing frictional Wear. Such pumps 
may also include rounded vane tips to reduce vane-to-cam 
surface stresses. Examples of vane pumps having pressure 
balanced vanes Which are also adapted to provide undervane 
pumping, may be found in the aforementioned copending 
application and in US. Pat. Nos. 3,711,227 and 4,354,809. 
The latter patent discloses a vane pump incorporating under 
vane pumping Wherein the vanes are hydraulically balanced 
in not only the inlet and discharge areas but also in the seal 
arcs Whereby the resultant pressure forces on a vane cannot 
displace it from engagement With a seal arc. 

Variable displacement vane pumps contain a cam element 
Which is adjustable relative to the rotor element, about a 
pivot point Which is external to the cam chamber, in order to 
change the relative volumes of the inlet and outlet or 
discharge buckets and thereby vary the displacement capac 
ity of the pump. 
Among the problems encountered With single acting vane 

pumps With external cam adjustment pivots are the high 
actuation loads required to overcome the high friction cam 
sealing loads in order to move the cam member relative to 
the seals to adjust the displacement. Also, the external pivot 
support of the cam member results in high clocking loads or 
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2 
stresses on the cam member due to the differential bucket 
pressures on the externally-supported cam member. 

SUMMARY OF THE INVENTION 

The present invention relates to novel single acting, 
variable displacement vane pumps Which have the 
durability, ruggedness and simplicity of conventional gear 
pumps, and the versatility and variable metering properties 
of vane pumps, While incorporating a novel integrated 
support structure for the adjustable cam member Which 
locates the pivot point or center of rotation of the cylindrical 
cam member Within the eccentric cam chamber thereof, to 
facilitate adjustment thereof While balancing the cam bear 
ing load relative to the rotor member and minimiZing the 
clocking forces. 
The novel pumps of the present invention comprise a 

durable, substantially uniform-diameter rotor member 
Which is machined from barstock, in manner and appearance 
similar to the main pumping gear of a gear pump, so as to 
have large diameter journal ends at each side of a central 
vane section comprising a plurality of axially-elongated 
radial vane slots, Well areas of each vane slot slidably 
engaging a mating vane element as With prior knoWn vane 
pumps, the adjustable narroW cam member having a con 
tinuous circular inner cam surface eccentrically surrounds 
and encloses the central vane section, and the cam surface is 
engaged by the outer surfaces or tips of the vane elements 
during operating of the pump. The journal ends of the rotor 
member are rotatably-supported Within opposed durable 
bearing seal assemblies, Which have faces Which seal against 
the outer annular sleeve housing. During rotation of the 
journals of the vaned rotor member Within the bearings and 
of the central vane section of the rotor member Within the 
cam member, ?uid such as liquid fuel is admitted at loW 
pressure to the inlet arc segment of the cam chamber, 
through inlet passages at the interfaces of the cam member 
and each of the seal assemblies, and into expanding inlet 
bucket chambers betWeen the vanes, and also through the 
vane slot extensions to under-vane chambers. Continued 
rotation of the rotor member through a sealing arc segment 
into a discharge arc segment reduces the volume of the 
bucket areas and changes the pressure acting upon the 
leading face of each vane from loW inlet pressure to increas 
ing discharge pressure at the volume of each bucket chamber 
is gradually compressed at the discharge side or arc of the 
eccentric cam chamber. The pressuriZed fuel escapes 
through discharge passages in each seal and bearing, and is 
channelled to its desired destination. 
The undervane and overvane pressures acting upon the 

vanes are balanced so that the vanes are lightly loaded or 

“?oated” throughout the operating of the present pumps. 
This reduces Wear on the vanes and, most importantly, 
provides elasto-hydrodynamic lubrication of the interface of 
the vane tips and the continuous cam surface. Such balanc 
ing is made possible by venting the undervane slot areas to 
an intermediate ?uid pressure in the seal arc segments of the 
seal bearings assemblies Whereby, as each vane is rotated 
from the loW pressure inlet segment to the high pressure 
discharge segment, and vice versa, the pressure in the 
undervane slot areas is automatically regulated to an inter 
mediate pressure at the seal arc segments, Whereby the 
undervane and overvane pressures are balanced Which pre 
vents the vane elements from being either urged against the 
cam surface With excessive force or from losing contact With 
the cam surface. 

The novel vane pumps of the present invention also 
provide substantial undervane pumping of the ?uid from the 
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undervane slot areas by piston action as the vanes are 
depressed into the slots at the discharge side of the cam 
chamber. Such undervane pumping can contribute up to 
40% or more of the total ?uid displacement. 

The essential novelty of the vane pumps of the present 
invention resides in the support structure for the cylindrical 
cam member Whereby the cam member is adjustably sup 
ported Within an outer annular sleeve housing to enable the 
cam member to be adjustably-rotated relative to the housing 
to adjust the geometric center of the cam chamber relative to 
the center of the rotor member and thereby adjust the 
displacement capacity of the pump betWeen Zero-?oW and 
maximum ?oW values. 

According to a preferred embodiment of the invention, 
the annular sleeve housing for the cam member comprises a 
roller bearing assembly betWeen an outer housing sleeve and 
the cylindrical outer surface of the cam member, Which 
minimiZes the friction When the cam member is rotated 
during adjustment and enables the adjustment to be actuated 
remotely by means of a small motor gear assembly. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional vieW of a minimum friction 
actuation variable displacement vane pump according to one 
embodiment of the present invention; 

FIG. 2 is a cross-sectional vieW of the pump of FIG. 1 
taken along the line 2—2 thereof; 

FIG. 3 is a cross-sectional vieW of a variable displacement 
vane pump having a reduced actuation load, a balanced 
cam-bearing load and a simpli?ed actuation system, accord 
ing to another embodiment of the present invention, and 

FIG. 4 is a vieW taken along the line 4—4 of FIG. 3, 
illustrating the extension of the seal member into a pressure 
recess in the outer sleeve housing to pressure-bias the cam 
member to maximum displacement position. 

DETAILED DESCRIPTION 

Referring to the embodiment of FIGS. 1 and 2 of the 
draWings, the pump 10 thereof is designed to support the 
cam member 11 Within an annular cam housing 12 com 
prising an outer annular race section 13 Which is slightly 
larger in Width, i.e., betWeen 0.0002“ larger, than the Width 
of the cam housing 12, and an annular roller bearing 
assembly 14, the outer surface 15 of the cam member 11 
functioning as an inner race for the roller bearing assembly 
14. The assembly 14 comprises a cage member 16 for 
evenly-spaced roller bearings 17 Which engage betWeen the 
cam race surface 15 and the outer race surface 13 to 
minimiZe frictional engagement thereWith and permit rela 
tive rotation of the cam member 11 upon the application of 
a minimum actuation force to adjust the displacement of the 
pump betWeen minimum and maximum values. 

The pump 10 further comprises a rotor member 18 having 
opposed journals 19 and 20 and a central vane section 21 of 
increased diameter provided With a plurality of uniformly 
spaced radially-extending vane slots 22, each of Which is 
provided With a vane element 23 Which is slightly smaller in 
thickness and similar in length to the Width and length of its 
vane slot 22 to permit radial movement thereWithin into 
engagement With the inner surface 24 of the cam member 11. 
The eccentric or off-center adjustment of the cam member, 
11 relative to the center of rotation of the rotor, member 
Which has a smaller diameter than that of the central cam 
opening, de?ned by the cylindrical inner cam surface 24, 
creates a variable eccentric cam chamber therebetWeen. The 
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4 
extension of the vane elements 23 from the slots 22 into 
frictional engagement With the cam surface 24 partitions the 
cam chamber into a plurality of vane bucket sections 25, the 
volumes or capacities of Which are sequentially increased 
and decreased during pump operation. The pump 10 is 
illustrated at substantially maximum displacement in FIG. 1. 
Adjustment to reduced or Zero displacement is accomplished 
by counter-clockWise rotation of the cam member 11 to 
reduce the different betWeen the center of the cam chamber 
and the center of rotation of the rotor member 18 Whereby 
the difference betWeen the volumes of the vane bucket 
sections 25 is reduced or eliminated (Zero ?oW). 

In the embodiment of FIGS. 1 and 2, the pump 10 is 
housed Within an outer cartridge 26 Which con?nes the 
pump betWeen opposed annular seal bearing members 27 
and 28 Within the main housing 29 of the engine served by 
the pump. The pump is secured Within the cartridge 26 by 
means of an end nut 26a Which threadably engages the 
threaded open end 26b of the cartridge. The nut 26a clamps 
the outer race section 13 betWeen the bearing members 27 
and 28 Without applying any clamping force against the cam 
housing 12, Which is from 0.0002“ to 0.0004“ thinner than 
the race section 13. This leaves the cam member free to turn 
on the roller bearings 17. This limits the pump leakage to the 
roller cage area due to the resulting small clearance betWeen 
the cam faces and the adjacent faces of the bearing members 
27 and 28. The rollers and the cam housing 12 are matched 
in Width Which limits leakage to the inlet arc area of the 
pump. This design alloWs the pump assembly to operate as 
an anti-friction adjustable roller bearing. The seal bearing 
members 27 and 28 comprise durable sleeve bearings 27a 
and 28a Which sealingly engage the rotor journals 19 and 20 
While permitting free rotation of the rotor member 18 for 
operation of the pump. The seal bearing members 27 and 28 
are also provided With ?uid inlet passages 27b and 28b 
Which open to cam face recesses 30 and 31, respectively, to 
supply liquid, such as fuel, to the expanding vane bucket 
sections 25 in the loW pressure inlet arc of the pump. 

The seal bearing members 27 and 28 also comprise ?uid 
discharge or outlet passages 32 and 33 in the discharge arc 
of the pump Which are open to the undervane areas 22a of 
the vane slots 22 and to the contracting vane bucket areas 
through cam outlet ports 34, in the high pressure discharge 
arc of the pump. 

The cam member 11 of the embodiment of FIGS. 1 and 
2 is movable, to adjust the ?uid displacement of the pump, 
by engagement betWeen a motor-actuated gear Wheel 35, 
FIG. 2, and the teeth on a cam lever arm 36, through an 
opening 37 in the outer cartridge 26. The arm 36 extends 
through a cut-out arcuate passage 38 in the bearing housing 
27 and is adjustable betWeen passage Walls 38a and 38b 
Which de?ne minimum and maximum displacement adjust 
ment stops, respectively. 
The roller bearing support of the cam member substan 

tially eliminates friction during actuation of the cam lever 
arm 36, Whereby small motors or solenoids can be incor 
porated as actuation members, such as for use on helicopter 
fuel systems. 

In the embodiment illustrated by FIGS. 3 and 4 of the 
draWings, the pump 40 thereof comprises a cam member 41 
rotatably supported Within an outer bearing housing 42 for 
adjustment betWeen maximum displacement position, 
shoWn in FIG. 3, and minimum or Zero displacement posi 
tion. The cam member 41 has an outer smooth cylindrical 
surface 43 Which engages the smooth cylindrical inner 
surface 44 of the housing 42 to enable relative rotation 
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therebetWeen during adjustment of the displacement capac 
ity of the pump. 

The inner cylindrical surface 45 of the cam member 
de?nes the cam chamber Within Which the smaller diameter 
rotor member 46 rotates during operation of the pump. The 
axis of rotation of the rotor member 46 is eccentric to the 
center of the cam chamber to provide betWeen the rotor 
surface 47 and the cam surface 45 a plurality of variable 
capacity vane bucket areas 48 separated by vane elements 49 
radially-movable Within vane slots 50 in the rotor member 
46. 
As With the embodiment of FIGS. 1 and 2, the pivot point 

or center of rotation of the cam member 41 is located Within 
the cam chamber, rather than external thereto, as in prior 
knoWn variable displacement pumps. In both cases, this 
substantially eliminates clocking loads since the pressure 
load acts through the center of rotation of the cam, or nearly 
so, as opposed to acting through an external pivot point. Also 
bearing loads are minimiZed as compared to prior knoWn 
pumps in Which adjustments to the cam member are resisted 
by the frictional engagement betWeen the seals and the cam 
faces. 

During operation of pump 40, the rotor member 46 rotates 
counter-clockWise as liquid is supplied to the loWer expand 
ing vane buckets 48 in the loW pressure inlet arc of the 
pump. The buckets are moved through a sealing arc and then 
are contracted in the upper high pressure discharge arc to 
discharge liquid under high pressure through cam passages 
51 to the desired destination. Also the high pressure liquid 
is communicated to an arcuate recess 52 in the outer cam 
surface 43 to pressuriZe the recess 52 and also the arcuate 
chamber 53 in the inner cylindrical surface 44 of the bearing 
housing 42. The outer surface 43 of the cam member is 
provided With a spaced pair of seal members 54 and 55 
recessed into the surface thereof. Seal member 54 extends 
into engagement With the upper surface of the chamber 53 
and functions as a piston to bias the cam member into 
maximum displacement position When the chamber 53 is 
pressuriZed. In such position, the seal member 54 is forced 
against chamber Wall 56 as a maximum displacement stop 
member. Adjustment of the cam member 41 to a minimum 
or Zero displacement position requires that the cam member 
be forced into clockWise rotation to move the seal member 
54 through the arcuate bearing chamber 53 toWards or 
against the other chamber Wall 57 for reduced or Zero 
displacement, as desired. 

In the embodiment shoWn in FIG. 3, actuation of the cam 
member in the clockWise direction is produced by means of 
a piston assembly 58 such as a pneumatic piston assembly 
having a piston rod 59 Which is extendable into engagement 
With the cam member 41 to cause rotation thereof When the 
assembly 58 is pressuriZed to reduce the displacement 
capacity of the pump. When the assembly 58 is 
depressuriZed, the cam member 41 is reverse-rotated by 
pressuriZation of the cam recess 52 during operation of the 
pump. 
What is claimed is: 
1. A durable vane pump comprising: 
(a) a cylindrical rotor member having journal ends and a 

central vane section comprising a plurality of radial 
vane slots uniformly spaced around the central circum 
ference thereof, said vane slots being elongate in the 
axial direction and each having a vane-supporting 
portion; 

(b) a plurality of vane elements, each slidably-engaged 
Within the vane-supporting portion of a said vane slot 
for radial movement thereWithin; 
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6 
(c) a unitary cam member having a cylindrical outer 

surface, opposed, parallel, ?at faces and a bore there 
through forming a cam chamber having a continuous 
cylindrical interior cam surface, the central vane sec 
tion of said rotor member being supported axially and 
non-concentrically Within said cam chamber so that the 
outer tip surfaces of all of the vane elements make 
contact With said continuous interior cam surface dur 
ing rotation of said rotor member betWeen a loW 
pressure fuel inlet arc segment and a high pressure fuel 
outlet arc segment of said cam chamber; 

(d) an outer annular cam housing having a cylindrical 
inner surface comprising an annular roller bearing 
assembly having a Width matched to the Width of said 
cam housing and Which engages and rotatably supports 
the cylindrical outer surface of said cam member for 
adjustment of the location of the axis of the cam 
chamber relative to the axis of rotation of said rotor 
member, to adjust the displacement capacity of said 
Pump; 

(e) an opposed pair of seal bearing members, each having 
a face Which sealingly engages a face of said outer 
annular cam housing and Which is closely spaced from 
a face of said cam member, said seal bearing members 
rotatably supporting the journal ends of said rotor 
member for rotation of the central vane section of the 
rotor member Within said cam chamber. 

2. A vane pump according to claim 1 in Which the inner 
surface of said annular cam housing for the cam member 
comprises an annular bearing race surface and said annular 
roller bearing assembly is engaged betWeen the cam housing 
race surface and the outer surface of the cam member to 
reduce friction and facilitate rotation of said cam member 
relative to said cam housing. 

3. A vane pump according to claim 1 Which further 
comprises a cam member adjustment means for rotating said 
cam member, and adjustment-limit means for regulating the 
rotation of the cam member betWeen one stop means, 
representative of maximum pump displacement, and an 
opposed stop means, representative of minimum or Zero 
pump displacement. 

4. A vane pump according to claim 3 in Which said cam 
member adjustment means comprises an extension arm 
integral With said cam member and accessible through one 
of said seal bearing members to adjustably rotate the cam 
member and change the displacement capacity of the pump. 

5. A vane pump according to claim 4 in Which said 
extension arm terminates in a gear tooth segment Which is 
engageable by a motor-driven gear for the automatic adjust 
ment of the displacement capacity of the vane pump. 

6. A vane pump according to claim 3 in Which said cam 
member adjustment means comprises a ?uid actuating 
means having a housing attached to said outer annular cam 
housing and a ?uid-driven piston member Which is extend 
able through said outer cam housing to rotate said cam 
member and adjust the displacement capacity of the pump. 

7. Avane pump according to claim 1 comprising an outer 
cylindrical housing enclosing said vane pump betWeen an 
annularly ?anged end Wall thereof and an open end thereof, 
and a nut member threadably engaging the open end of said 
cylindrical housing and adjustable to clamp said seal bearing 
members against said cam housing While leaving the cam 
member freely adjustable relative to the cam housing. 

* * * * * 


